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CHROMOSOME MORPHOLOGY OF CERTAIN RACES OF MAIZE IN LATIN
AMERICA

Albert E. Longley 1) and Takeo A. Kato Y. 2)
INTRODUCTION

The study of the morphological features of the mid-prophase chro-
mosomes of the microspore~-mother-cells of maize was initiated thirty-
five years ago, when it was found that aceto-carmine stained the chromo-
somes at this early phase. As time passed, more and more data were
published on the chromosome knob complement, the most variable feature
of the mid-prophase chromosomes of maize. These data came from ma-
terial found in the Americas ranging from the Northern United States in
North America to Chile in South America.

During the years 1960 to 1962, the authors studied the chromosomes
of some of the primitive races of maize in Mexico, Central and South Ame-~
rica, and of races and varietal groups of Central America and the Carib-
bean Islands. These studies were planned to determine the morphological
features of the chromosomes of distinct types of maize, hoping to detect
characteristics associated with each race and with races from different
areas and environments.

These chromosome studies were part of the cooperative program
between the Mexican Ministry of Agriculture and the Rockefeller Foun-
dation in maize improvement. Through the cooperative effort of these two
Institutions in past years, and more recently with the help of the National
Academy of Sciences - National Research Council, all the major maize
types of Mexico, Central America and the Caribbean have been brought to-
gether and are being preserved by the Foundation at the National School of
Agriculture at Chapingo, Mexico, along with the collector's data for each
collection,

Wellhausen, et al (21, 23) devised a system of classification which
they used in classifying the many types of maize collected throughout
Mexico and Central America. This classification is based primarily on
plant, ear and seed characters. In their classification, many of the groups
were giiren race status and named. Similarly, Brown [ classified the maize
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in the West Indies into races. Seed of all these races are stored under con-
trolled conditions of temperature and humidity at Chapingo. Seed is reno-
vated when necessary by controlled random pollination in a way to avoid as
much inbreeding as possible in consideration of the number of varieties and
races involved.

Plants from seed of selected races being maintained in this way in
the Maize Bank at Chapingo, provided microspore-mother-cell material
for our chromosome studies. The microspores were stained in aceto-car-
mine and camera lucida drawings were made of each chromosome of each
plant. These drawings show the major markings, such as prominent chro-
momeres and knobs, along the thread-like bivalent mid-prophase chromo-
somes.

The chromosomes of more than 1,500 plants have been studied and
the drawings are filed and are available for future reference. These draw-
ings provide data on the activity at twenty different knob-forming areas in
the chromosomes found in representative samples from a large number of
collections.

The paired mid-prophase chromosomes of microspore-mother-cells
of maize have characteristics that make it possible to distinguish each of
the ten bivalents, when properly stained, and examined under a high-powered
microscope (x 1000). Relative length, relative lengths of arms and in some
chromosomes, distinctive chromomeres are used to recognize each chromo-
some, but deeply staining heterochromatic knobs, when present, are
very useful identification aids (Figure 2). These knobs are found at knob-
forming regions in bivalent chromosomes. Any of those paired regions may
be without a knob or paired regions may have one of several knob sizes.

The variation in size of the knob formed at a knob-forming region has
been recognized as an important feature of the data recorded in our drawings.
The different grades in knob size are known to be constant and each knob size
is known to be transmitted unchanged from onz generation to the next. Con-
sequently, a particular knob of a certain size may be characteristic of a
maize race.

Not only are there variations in size of a particular knob, but there
are also variations in the number of active knob-forming regions. Conse-
quently, the number of knobs present in a plant, a race, or the maize grow-
ing in a particular region, may be a distinctive characteristic.

Six grades of activity (high-high, high-low, high-0, low-low, low-0
and 0-0) would produce knobs on bivalent chromosomes ranging in size from
0-5. This arbitrary grading of knob size has been used for each of the
20 paired knob-forming regions that may be active in the material. An ad-
ditional step in activity between high and low would require more than six



grades to describe the variation in knob size at each paired knob region of
bivalent chromosomes.

The assigning of only 0-5 steps in knob size and since each is thought
to be a stable form, one can visualize an almost innumerable number of dif-
ferent knob combinations when 120 different bivalent knobs are free to com-
bine at random. A characteristic knob complex for the chromosomes of a
corn race or group would be recognized only if one or a few of the large num-
ber of possible knob combinations are found present in representative plants.

The evaluation of the activity of a knob-forming position by the size
of the knob produced is not entirely satisfactory due to the personal element
that is involved; but a careful grading of the knob size at the time a drawing
is made, eliminates many of the grading difficulties. The presence of he~
terozygous knobs at some positions was recorded in our drawings, but data
used in this presentation records only the size of each knob, without an at-
tempt to separate a homozygous from a heterozygous condition.

The presence of heterozygosity at a specific knob~forming position is
difficult to detect at mid=prophase microspore~-mother~-cells. Material from
a selfed progeny should show, at a position heterozygous for knob-forming
activity in the parent, one fourth of the positions homozygous for one or the
other of the two parent knob types. However, such a test of heterozygosity
gives no clue to the time when this heterozygosity originated. It may have
been recently or it may have been hundreds of generations prior to the time
of collection.

The production of extra large knobs at cert in knob=forming regions,
such as are found in this maize knob survey, has proven useful in tracing
the distribution of maize from a common center of origin.

Dr. McClintock's notes drew our attention to the much larger concen-
tration of knob matcrial adjacent to the nucleolar organizer of 65. We found
this enlarged knob frequently in Mexican and Guatemalan collections and in
one collection from Panama and in one from Venezuela. Ocassionally the
large knob had a twin appearance which suggested that a crossing over or
exchange at this knob-forming region had been diagonal and the knob~forming
region was duplicated in one and lost from the other of the paired chromo-
somes (Figure 1~A), These and other observations lead to the conclusions
that extra large knobs are due to the compounding of a knob=forming region.
Such a compounding would serve to explain the large, irregular shaped knob
usually seen on 4 L (Figure 1-E).

The long arm of chromosome six, so frequently marked by twin knobs
had in annual Euchlaena and in several instances, three knobs present. This
duplication of one of the two knobs suggested that the usual twin knobs of 6L



were due to a duplication that included a short piece of the adjacent euchro-
matic thread.

That the duplication process could pyramid upon itself was demon-
strated in some plants of Guerrero Teosinte. Figure 1-C shows 6L with a
normal and a second enlarged knob, while Figure 1-D shows 6L with three
knobs. Thus, it seems that a method of building a large block of hetero-
chromatin has been detected. For years the origin of B-type and the piece
terminating the long arm of chromosome 10 has been puzzling. The com-
pounding of knob-forming regions provides a method that would build such
blocks of heterochromatin at any knob-forming region. A translocation
would suffice to transfer such a block to the end of 10L., Our material pro-
vided three instances in which this or a similar block of material has been
retransferred to 9L, 9S and 2L.. Figures 1-G, H, and I.

The formation of a B-type chromosome of a block of heterochroma-
tin on an A-type chromosome would require more than a simple translo-
cation, to give it its present form. The extra steps make a duplicate ori-
gin of a B-type chromosome so unlikely that one concludes that all B-type
chromosomes have a common origin. Therefore a B-type chromosome
ties the plant in which it is found to the original plant in which the first
B-type was created. Since B-types are found almost everywhere where
maize is grown, one concludes that maize everywhere comes from a com-
mon center,

The common center from which a B-type chromosome most likely
originated would be a center where the maize chromosomes had knobs,
consequently the maize growing at the fringes of zones of adaptation with
B-types would be tied to maize at a center where chromosome knobs pre-
vailed.

The distribution of the abnormal form of chromosome 10 is much
more limited (Tables 3b and 2c) than B-types and that of the enlarged knob
adjacent to the organizer on 6S is even more limited. These large blocks
of heterochromatin may have originated in much the same area as B-types,
but their distributions suggest a more recent date of origin.

The knob-forming region may, by mutation or by series of mu-
tations, lose its activity, but a compound block of heterochromatin would
require many more mutational changes to eliminate it and so such a chro-
mosome as a B-type has persisted, although most chromosome knobs on
A-type chromosomes could disappear.

In this publication, the large volume of data on the knobs of each
chromosome complement of approximately 1500 plants, has been divided into
four sections: (A) Chromosome morphology of primitive races of maize in
Mexico, Central andSouth America; {B) The chromosomes of Central Ameri-

can maize; (C) The chromosomes of Caribbean maize and (D) Discussion and



conclusions.

To introduce the reader to pertinent data on the geographical areas,
the differences in environment, the races and groups and the prevalence
and size of the knobs involved, Table 1 in the appendix has been prepared.

Section A discusses the knob situation in primitive corns from a
wide range of locations, and surveys the relationship between knob com-
plexes of different races from different geographical regions and different
environments. This treatment should serve to establish the presence or
absence of a characteristic knob complex associated with a particular race,
area or environment,

Section B discusses the knob situation in corn collections from six
Central American countries, which includes many races and groups. This
survey is intended to answer questions similar to those raised for primi-
tive corn collections.

Section C discusses the knob situation in corn collections from the
Caribbean Islands. This material eliminates, to a large degree, the dif-
ferences in altitude noted for the Central American countries and substi-
tutes for mountain valley isolation, the isolation characteristic of some
islands. This survey will, again, stress the presence or absence of speci-
fic chromosome complexes for certain islands and for the various corn ra-
ces and varietal groups.

Section D, as the title indicates, involves a discussion of the data
as a whole and general conclusions drawn from them by the authors.
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Figure 1. Origin of large masses of heterochromatic material.

A. Twin knobs adjacent to the nucieolar organizer on 6S. Yucatan 7.

B. Normal chromosome 6. Nicaragua 3432,

C. Much enlarged knob on 6Lc found in teosinte Guerrero 249,

D. Triple knobs at distal positions on 6L found in teosinte Guerrero 249.

E. Twin knobs on 4L from Costa Rica 45.

F. Duplication of the heterochromatic piece of abnormal chromosome 10 from
Nicaragua 3432.

G. An heterochromatic block, similar to that terminoting abnormal chromosome
10, terminating 9L. Guatemala 835.

H. An heterochromatic block,

. An heterochromatic block,

similar to that terminating abnormal chromosome
10, terminating 9S. Costa Rica 400,

similar to that terminating abnormal chromosome
10, terminating 2L. Guatemala 207.

C
) C-6L
B .
C-6 Normal
A
C-6S
E
C-4L ‘
F
C-Abnormal 10
D

C-6L

H
c-9s
G
c-9L
|
c-2L



Figure 2, Diagram showing the reiative location and

iL e

1Sa¢

1Sb®

ZLT

:s

the designation used for each one of
the 20 chromosome knobs found in all
corn collections studied.

4L$ 5L?
3Le®
8Lb
6Lc
+ 8La QLL
6Lb 7L
GLGL 10L$
>
3s 65¥ :
? 4s @ Sat. 7Si g5 @
3 4 5 6 7 8 9 10

CHROMOSOME



10

SECTION - A

CHROMOSOME MORPHOLOGY OF PRIMITIVE RACES OF MAIZE IN MEXICO,
CENTRAL AND SOUTH AMERICA

Takeo A. Kato Y., and Albert E. Longley,

INTRODUCTION

Available data indicate that the early cultivated varieties of maize in
Mexico were of the Nal-Tel-Chapalote complex or their prototypes. These two
primitive races still found in certain areas of Mexico and Central America
were described by Wellhausen, et al (21,23). Mangelsdorf, MacNeish and
Galinat (11) in a study of prehistoric plant remains of maize in the Tehuacdn
Valley of Puebla, Mexico, concluded that it was this corn which initiated the
rapid expansion of agriculture during the period from 900 B.C. to 1536 A.D,
in Mexico. According to these authors the plant remains of corn discovered
by MacNeish and his associates in the excavations of caves in the Tehuacdn
Valley includes the oldest well-preserved cobs yet found which date back to
5200 B.C. and are thought to be those of wild maize. The cob collections as
a whole portray a well-defined evolutionary sequence from what is thought to
be wild corn to the ancient indigenous races of Mexico, Nal-Tel and Chapa~
lote.

It appears that these two ancient races or their prototypes were spread
to various parts of Mexico, Central and South America in prehistoric times.
The earliest corn discovered in La Perra Cave in Tamaulipas, in Northeastern
Mexico by MacNeish in 1949 dated 2500 B,C,, was identified by Mangelsdorf,
MacNeish and Galinat (11) as an early form of Nal-Tel. The oldest cobs dis~
covered in Swallow Cave in Northwestern Mexico by Robert H. Lister of the
University of Colorado, were identified by Mangelsdorf and Lister (12) as pro-
totypes of Chapalote. Wellhausen, et al (23) concluded that the basic types
of corn cultivated in the early stage_s—of the Maya civilization in Guatemala
were of the Nal-Tel.- Chapalote complex., Wellhausen, et al (23) described
five more or less distinct types of Nal~Tel still in existence at a wide range
of altitudes in Guatemala and have described varieties similar to Nal-Tel
existing in Central America from Guatemala to Panama.

In Colombia the primitive race Pollo, described by Roberts, et al (17)
was found to have many morphological characters in common with the Nal-
Tel =~ Chapalote complex of Mexico and Central America. Pollo also has mor=
phological resemblances to the primitive ra ce Confite Morocho described by
Grobman, et al (4) in Peru. Another relationship mentioned by Roberts, et al
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(17) is with the race Sabanero of Colombia with which it supposedly has intro-
gressed reciprocally. Also, the race Pollo has been described in Venezuela
by Grant, et al (3) as being similar to Nal-Tel of Guatemala and Sabanero of
Colombia in some of its morphological characters,

Grant, et al (3) consider the primitive race Aragliito of Venezuela
as being very similar to the white Nal-Tel of Central America. Also the two
primitive races, Guaribero and Canilla of Venezuela have been described
by Grant, et al (3) as being very similar to Araglito in many of their mor-
phological characters,

The race Pira was described by Roberts, et al (17) in Colombia and
by Grant, et al (3) in Venezuela as one of the primitive races in that region.
It has been pointed out by Roberts, et al (17) that this race is probably re~-
lated to the popcorns of Peru, Confite Morocho and Confite Puntiagudo. Re-
cently Wellhausen (unpublished) found a race in Costa Rica and Panama which
he has named Maicena A. The morphological characteristics of this race are
almost identical to those of Pira, including the flexible cob.

Although the race Pororo, described by Ramirez et al (15) in Bolivia
is not classified as primitive, it is indicated that it is similar to Pira of
Colombia.

The race Enano has been described as a primitive race by Grobman,
et al (4)in Peru. This race has also been described in Bolivia by Ramirez,
et al (15) and by Timothy, et al (20) in Ecuador.

The races Confite Morocho and Confite Puntiagudo have been described
by Grobman, et al (4) in Peru. According to Grobman, et al (4), Confite Mo~
rocho is one of the most ancient primitive races of maize in South America
and is related to Confite Puntiagudo in Peru, Pisinkalla in Bolivia and Pollo
in Colombia. Grobman, et al (4) indicate that possibly Palomero Toluquefio
of Mexico was derived indirectly from Confite Morocho through one of its
derivative races, Confite Puntiagudo or Pisinkalla.

The race Pisinkalla of Bolivia was described by Ramirez et al (15).

The race Canguil was described by Timothy, et al (20) in Ecuador,
and it is considered to be similar to Pisinkalla of Bolivia in its morphologi=-
cal characteristics.

The race Sabanero is one of the most widespread races in the high~
lands of South America. This race has been described and reported by Ro-
berts, et al (17) in Colombia, by Grobman, et al (4) in Peru, by Grant, et al
(3) in Venezuela and by Timothy, et al (20) in Ecuador. It is also grown in
Guatemala where it is called Serrano, according to Wellhausen, et al (23) and
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Roberts, et al (17). Its possible relationships with races such as Nal=Tel and
Pollo have already been mentioned above. Although the race Sabanero is not
classified in the literature as a primitive race, it has been thought to be of
interest in this study because of its widespread distribution and close relation-
ship with several true primitive races.

The purpose of this study has been to determine, whether the relation=-
ships among the various primitive races postulated by different investigators
on the basis of morphological resemblances, might be more clearly established
by a comparison of their chromosome morphology or more specifically through
the chromosome knob constitutions.

MATERIALS AND ME THODS

The collections used in this study as representative of the different
races studied are indicated in Table 1la.

The methods used were the same as those described in the general
introductory section of this publication.

RESULTS

The number of plants studied and the results obtained for each collection
of each race are given in Tables 2a and 3a and in the Figures la through 16a. Also
in section B of this publication, Figure 3b, collections of the Nal-Tel race from
Yucatdn, Mexico, are shown in comparison with those collections of the same
race from Guatemala. The situation in regard to chromosome knobsof each of
the races studied is presented below:

Nal-Tel. This race has shown an overall average knob number of about
10 knobs per plant. The variation in the knob numbers among the several col-
lections studied was found to be from 8.6 to 12.2 knobs per plant. However,
most of the collections have shown knob numbers very close to the mean num-
ber of 10.

Regarding the knob-forming positions it was found that there are se-
veral positions at which the presence of knobs was very uniform in almost all
collections of this race. These positions were: 1Sa, 2L, 3L, 4L, 5L, 6Lb,
6Lc, 7L, 8La, 8Lb, and 9S. The position 9L showed a lower frequency than
these, although in few collections from Oaxaca and Guerrero it was knobbed
in high frequency. The positions 1L, 2S and 7S were knobbed in very low fre-
quency and the remaining positions, 1Sb, 3S, 4S5 and 6La were almost knob-
less. The position 10L was completely knobless, but several collections pre~
sented the extra heterochromatic segment of the so-called abnormal chromo-
some 10.



Table 1-a, Some information of the collections of primitive races of maize studied,

Race Origin Collections Described by
Nal-Tel Mexico Yucatan 7, 36, 37, 75,102, 129, 146 and 148, Campeche 18, 29, 37, 39, Wellhausen, et al. (1952).
41C, 54,102 and 103, Chiapas 139and 144, Oaxaca 148,171 and 174,
Guerrero 17,100,121,168,174and 177,
Guatemala Guat, 20,145, 164 and 225, Wellhausen, et al, (1957),
El Salvador Salv, 9 and 29.
Chapalote Mexico Sinaloa 2 and 6. Sonora 27 and 55, Wellhausen, et al. (1952),
Aragiiito Venezuela Ven, 678. Grant, et al. (1963),
Guaribero " Ven, 459 and 530, " " "
Sabanero v Ven, 558. Grant, et al. (1963)in Venezuels Timothy, et al.
(1963) in Ecuador; Grobman, et al.(1961) in Peru;
Roberts, et al (1957) in Colombia,
Canilla Venezuela Ven, 513. Grant, et al (1963).
Pollo Colombia Cun, 401, Pollo segregaciones (composite of 7 collections, Roberts, et al (1957) in Colombia; Grant, et al
M57A-T77084#), (1963) in Venezuela.
Pira Colombia Pira Blanco (composite of 15 collections M57A-7701#). Roberts, et al (1957) in Colombia; Grant, et al

Maicena A (Pira type)
Pororo
Enano

Palomero Toluyueno
Confite Morocho
Confite Puntiagudo
Pisinkalla
Pisginkalla Pororo
Canguil

Costa Rica
Bolivia
Bolivia

Mexico
Peru
Peru
Bolivia
Bolivia

Ecuador

C.R. 166 and 379.
Bov, 806.
Bov. 1143 and 1144.

Mex. 5, 6, and 211,

Peru 378 (Aya 4), 685, 887 and 963.
Anc. 250,

Bov, 344, 760 and 864.

Bov, 570, 693 and 780,

Ecu, 396, 413, 443, 447, and 943.

(1963) in Venezuela,
Wellhausen (unpublished).
Ramirez, et al (1960).
Ramirez, et al (1960) in Bolivia; Grobman, et al

(1961) in Peru; Timothy, et al(1963)in Ecuador.
Wellhausen, et al (1952),

Grobman, et al (1961).
Grobman, et ;ai (1961),
RamiTez, et al (1960).

n " 1"

Timothy, et al (1963).

el
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Concerning the size of the knobs it was found that in general the large
knobs were predominant, although some frequently knobbed positions such as
18a, 6Lb and 6Lc and the less frequently knobbed position 9L showed rather
small knobs. The particular knob on 8Lb, although very frequent, was in
general very small and in most instances was rather a large chromomere.

An interesting fact found in this race is that many of the collections
of Mexico have shown a large nucleolar organizer (some in high frequency)
which was not found in any of the other primitive races studied with the excep-
tion of Guaribero of Venezuela,

Some collections, especially from Yucatan and Campeche of Mexico
and the two collections of El Salvador have shown the presence of the super-
.numerary B-type chromosomes. An interesting fact that should be mentioned
in this regard is that several of the collections having B-type chromosomes
did not possess the abnormal chromosome 10 and viceversa. Others posses-
sed both types of chromosomes together in the same plant.

Chapalote. This race has shown an overall average knob number of
11.7. Among the two sets of collections of this race studied, the collections
from Sonora had a higher average knob number (12.6) than those collections
from the State of Sinaloa (10.9). Also, the collections from Sonora varied
from 12 to 14 knobs per plant, whereas, those from Sinaloa varied from 10
to 12 knobs per plant.

The knobbed positions in the four collections studied were similar to
those of the Nal-Tel race in both knob presence and size.

The abnormal chromosome 10 was not found in any of the four col-
lections of this race studied. However, in the two collections from Sonora,
some plants showed a small knob on the long arm of the chromosome 10.

In only one collection, (Son. 55), the B-type chromosomes were pre-
sent in a fairly high frequency. Four out of five plants examined had this extra
chromosome.

Aragiliito. This race has shown an average knob number of 11.7, si-
milar to that of Chapalote.

In knobbed positions and knob size it was found to be similar to Nal-
Tel and Chapalote, with the main difference in that the collection of Aragiito
possessed a large knob in 2S5, and 9L in a high frequency.

Neither abnormal chromosome 10 nor B-type chromosomes were found
in the six plants of this race examined,

Guaribero. The average knob number obtained from the two collections
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of this race studied is 13.1 knobs per plant. This race has a higher knob
number than Nal-Tel, Chapalote and Aragiito. With respect to the posi-
tions presenting knobs, it is similar to the three races already mentioned.
A large nucleolar organizer, characteristic of Nal-Tel was found in one of
the two collections of Guaribero (Ven. 530). It differs from these races pri-
marily in that both collections of Guaribero showed a high frequency in the
presence of a large knob in the positions 7S and 9L.

Both abnormal chromosome 10 and B-type chromosomes were found,
but independently, in the two collections.

Sabanero. The single collection of this race (Ven. 558) has shown
an average knob number of 11.2. In knobbed positions and knob size it is
similar to collection Ven. 678 of the race Aragiliito. These two collections
differ from each other only in that the collection of Aragiiito possessed B-
type chromosomes.

Canilla. Only one collection was studied and it showed an average
knob number of 12,2, intermediate between the other Venezuelan races
Aragiiito, Guaribero and Sabanero. The distribution of the knobs in its
chromosomic complement is quite similar to Guaribero.

Neither abnormal chromosome 10 nor B-type chromosomes were
found,

Pollo., This race has shown a lower average knob number of 7.1
knobs per plant. Pollo has knobs at the same knob-forming positions as
Nal-Tel, but some of these positions in Pollo have shown a knob with a lower
frequency, a fact that must have influenced the lowering of the average knob
number in Pollo. These positions are mainly 1Sa, 6Lc and 8Lb. Pollo is
very similar to Nal-Tel in knob size and like Nal-Tel has a predominance
of large knobs in spite of its lower knob number.

Abnormal chromosome 10 and B-type chromosomes were found in a
high frequency.

Pira. Its average knob number of 13.2 is similar to that of Guari-
bero but higher than that shown by Nal-Tel, Chapalote and the other races
mentioned above.

In knob positions it differs from Nal-Tel and Chapalote, but is similar
to Guaribero and Canilla of Venezuela, in that it possesses a large knob in a
high frequency in the positions 2S5, 35, 7S and 9L. In all other respects it is
quite similar to Nal-Tel and Chapalote.

The abnormal chromosome 10 and the B-type chromosomes were ab-
sent in the sample of this race studied.



16

Maicena A. The two collections of this race studied were very uni-
form and showed an average knob number of 14 knobs per plant.

In regard to the knobbed positions and knob size, this race is very
similar to Pira Blanco of Colombia. However, there are several differences:
Maicena has a medium size knob in a high frequency in 2S; in Pira, the knob
in this same position is large in size and of a lower frequency; at 7S, Maicena
A showed a small knob in low frequency while in Pira a small knob at this
same position is presented at a high frequency.

Abnormal chromosome 10 was present in one collection of Maicena A,
although Pira did not possess it,

Pororo. The average knob number of 7.0 knobs per plant obtained by
the analysis of a single collection, (Bov. 806), is similar to that found in
Pollo of Colombia, but these two races differ in many other respects. In the
first place, Pororo has fewer knobbed positions than Pollo, but with more uni-
form frequency; secondly, Pollo possessed a predominance of large knobs
while Pororo had a predominance of small to medium size knobs.

Certainly Pororo is completely different from Pira of Colombia, in
both knob positions and knob size, As in the case of Pollo, this race had B-
type chromosomes, but no abaormal chromosome 10 was detected.

Enano. This race appears to be a very exclusive type of corn from
among the primitive races, from the cytological point of view, all plants
examined, except one, possessed two small knobs in only two positions, 6Lc
and 7TL. A single plant of Bov. 1143 was found to possess two other small
knobs in 2L and 8La. B-type chromosomes and abnormal chromosome 10
were absent.

Palomero Toluquefio. Collections of this race have shown quite low
knob numbers giving an overall average of 2.1 knobs per plant, similar to
that of Enano.

Although the average knob number of Palomero Toluquefio and Enano
are similar, they are completely different in knobbed positions. The race
Enano is characterized by its uniformity in knob position, size and frequency,
while Palomero Toluquefio is more variable, Palomero Toluquefio showed
variable sized knobs in very different positions and in quite low frequency.

No abnormal chromosome 10 was found in any of the three collections
examined for Palomero Toluquefio.

An interesting fact found in this race was that one of the collections,
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Mexico 6, presented B-type chromosomes, although the number of knobs
per plant was very low; one plant appeared to be knobless but possessed a
single B-type chromosome.

Confite Morocho. This race has shown an average knob number
of 3.1 knobs per plant with a variation from 1 to 7. However, there were
appreciable differences in the number of knobs observed among the three
collections examined. Peru 963 had a mean of 5.0, Peru 685 of 3.7 and
Peru 378 of 0.8 knobs per plant. This fact shows that different populations
within a race can have very different chromosome knob constitutions.

In general, small knobs were predominant in all the three collections
of Confite Morocho race examined, although some medium and large knobs
were apparent in some positions, especially in 2L of Peru 963,

This race seems to be similar to Palomero Toluquefio of Mexico,
Confite Puntiagudo of Peru, Pisinkalla and some collections of Pisinkalla-
Pororo of Bolivia. The main differences found between Confite Morocho
and Palomero Toluqueiio is that the former race had knobs on 6L but the
latter race did not show a knob in this chromosome arm.

Collection Peru 378 which showed the lowest knob number possessed
some B-type chromosomes. A similar case was found in a collection of
Palomero Toluquerfio.

Confite Puntiagudo. The average knob number shown by the single
collection studied (Anc. 250) was 3.0 with a variation from 2 to 4 knobs
per plant. Predominance of small to medium size knobs was the rule. This
race is similar to Confite Morocho and to Palomero Toluquefio in knob consti-
tution.

Abnormal chromosome 10 and B-type chromosomes were absent.

Pisinkalla. The average knob number for this race was 3.6 with
a variation from 2 to 6 knobs per plant. Predominance of small size knobs
was characteristic, but some medium and large size knobs were present.

No abnormal chromosome 10 was present but B-type chromosomes
were present in a very high frequency in 2 of the 3 collections studied, Bo-
livia 344 and 864. The frequency of B-type chromosomes in this race is sur-
prisingly higher than that found in all the collections examined in this study,
although Sonora 55 of the Chapalote race was similar in this respect.

The general knob constitution of Pisinkalla is very similar to Confite
Morocho and Confite Puntiagudo, and especially to Peru 685 and 963 of the
Confite Morocho race.
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Pisinkalla - Pororo. The average knob number for this race was
3.8 with a range in the variation from 1 to 7 knobs per plant. The three
collections studied showed very different knob constitutions, not only in
number but also in the positions which had knobs. Bolivia 570 presented
large knobs in 3S which were not found in any of the other two collections
of this race. This knob was found only in the collections studied of the
Chapalote and Pira races. Another knobbed position of interest in Pisin-
kalla-Pororo is 15a; a knob at this position was present in two collections,
Bov. 570 in a high frequency and in Bov. 780 in a low frequency. This knob
also was found in two collections of Confite Morocho. It is the same knob
found to be prevalent in the races Nal-Tel, Chapalote, Pira, Aragtito, Gua~
ribero, Canilla and Sabanero. Both above mentioned knobs, 3S and 1Sa,
were absent in the single collection examined of Pororo.

Another position with a knob of interest is that of 6Lb. This -knob
was found in two collections, Bov. 570 and 780, of Pisinkalla-Pororo. This
knob is also prevalent in the races Nal-Tel, Chapalote, Pira, Aragilito,
Guaribero, Canilla, Sabanero and Pororo; and in the races-Pollo, Confite
Morocho and Pisinkalla at a lower frequency. It was not found in any of the
collections studied of the races Palomero Toluquefio, Enano and Canguil,

Canguil. Collections examined of this race have shown the interest-
ing fact, as in the case of Confite Morocho, that within the same race differ-
ent populations can possess very different knob constitutions, assuming that
the racial classification was correctly made. Ecuador 943 showed an average
knob number of 8.0 with a variation from 6 to 9 knobs per plant, while Ecua-
dor 396, on the other hand, possessed an average knob number of 1.2 with a
variation from 1 to 2 knobs per plant. The other three collections, Ecuador
413, 443 and 447, were intermediate in mean knob numbers.

Small to medium size knobs were predominant, although some large
knobs were present. In this respect it is of interest to point out that 98
showed a large knob, especially in Ecuador 943. This large knob was only
prevalent in those races having high knob numbers with a predominance of
large knobs such as, NaleTel, Chapalote, Pira, Pollo, Aragiiito, Guaribero,
Canilla and Sabanero.

The collection Ecuador 396 which showed the lowest knob number had
a knob constitution very similar to the Enano race, differing in that Ecuador
396 had low frequency in the knob on 6Lc while Enano had it in a high fre-
quency.

Abnormal chromosome 10 was present in three plants out of five
examined in the collection Ecuador 943. B-type chromosomes were absent
in all collections studied for this race.
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DISCUSSION

The results obtained from the present study have shown that primi-
tive races of maize vary in their chromosome knob constitutions. However,
two general groups or complexes of primitive races can be formed: Group
1 includes those races which have, in general, a high knob number with a
predominance of the large size knobs. To this group belong the races Nal-
Tel, Chapalote, Pira, Maicena A, Pollo, Guaribero, Canilla, Araglito and
Sabanero. Group 2 comprises those races which have, in general, low knob
numbers with a predominance of the small size knobs. Races belonging to
this group are: Palomero Toluquefio, Confite Morocho, Confite Puntiagudo,
Pisinkalla, Pisinkalla-Pororo, Pororo, Canguil and Enano.

If McClintock's criteria, reported in Ramirez, et al (15), Timothy,
et al, (20) and McClintock (9) is followed in the sense that particular knobs
at fixed positions in the chromosome complement can indicate relationships
between races of maize, it is possible to draw out some specific relation-
ships between the several primitive races within each of the two groups
already mentioned, and also some relationships between these two groups.

Within the first group the two races that seem to be most distinct are
Nal-Tel and Pira. Although both have in common knobs on 1Sa, 2L, 3L, 4L,
5L, 6Lb, 6Lc, 7L, 8La, 8Lb and 9S, they are different in that Pira possesses
large knobs on 2S, 38, 7S and 91 which are not characteristic knobs in Nal-
Tel. However, some collections of Nal-Tel from Southern Mexico and Cen-
tral America presented these knobbed positions. They may indicate an intro-
gression of Pira or its close relative Maicena A into Nal-Tel,

Chapalote which is restricted to the Northwestern region of Mexico,
has shown two interesting facts: {1) some collections such as, Sonora 27 and
55 are very similar to Pira in regard to the knobs 28, 3S and 7S, but different
from it in regard to the position 9L, which is present in Pira but absent in
Chapalote; and (2) the two collections of the Chapalote race from Sinaloa were
in all knobbed positions characteristically Nal-Tel type.

The Venezuelan races Aragulito, Canilla, Guaribero and Sabanero
studied appear to be similar to Pira in that, like this race, they possess
knobs on 25, 7S and 9L, but at the same time similar to Nal-Tel in the absence
of knobs on 3S and in the case of Guaribero on 2S. One collection of Guaribero
is similar to the Nal-Tel race in that it has a large nucleolar organizer.

The relationship with Maicena A is similar tothat with Pira. Mai-
cena A, however, possessed a knob on 4S not present in Pira, very rarely
found in Nal-Tel and found in one collection of Guaribero. This knob must
represent an introgression to these races from some unknown source,
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Pollo in most of its knobs is similar to Nal-Tel although a knob on
9L, characteristic of Pira, is present.

At the present time it is not possible to determine whether all the
races of this complex have been derived from a common source or not, but
at least one fact is clear: namely that Nal-Tel and Pira possess two some-
what different knob constitutions and could have given rise, through their re-
ciprocal introgressions, to many of the other primitive races of maize in
Mezxico, Central America and the Northern part of South America.. Among
the primitive races that could have originated in this way are Chapalote,
Pollo, Aragiiito, Guaribero, Canilla and Sabanero. All of these appear to
be in some way related to both Nal-Tel and Pira. On the basis of this study
the Chapalote - Nal-Tel - Pollo complex of races mentioned by Wellhausen,
et al (21, 23) probably should be enlarged to include the Pira race.

The cytological studies of South American races made by McClintock

“and reported by Ramirez, et al (15) and by Timothy, et al (20) indicate that
in the highlands of that region a basic chromosome knob constitution exists
which consists of a chromosome complement possessing only two small
knobs on 6Lc and 7L. This knob constitution has been called by her as the
"Andean' pattern of knob constitution. The race Enano was reported as

one of the races having this characteristic '"Andean' pattern. In the pre-
sent study this same Enano race of Bolivia has shown, as expected, the knob
constitution of the "Andean' type.

Confite Morocho appears to be a variable race since two of the three
collections examined had a relatively higher number of knobbed positions
than the third, Peru 378 also known as Ayacucho 4. This latter collection
was almost knobless, and probably it represents another "Andean' pattern
of chromosomic constitution; namely, that of a completely knobless one,
which in some places has been maintained with little or no introgression at
all from a knobbed type of maize.

Although one of the collections of Confite Morocho, Peru 963 had con-
sistently present the characteristic knobs of the McClintock's "Andean' pat-
tern, it shows clearly other knobs, especially on 2L which presented some
large knobs, which indicate a relationship with some maize type of the Nal-
Tel - Pira complex.

The single collection of the Confite Puntiagudo, Ancachino 250, showed
much similarity to the highly knobbed collections of Confite Morocho.

Pisinkalla also has been shown to be similar to the highly knobbed
collections of Confite Morocho. However, two of the collections, Bolivia
344 and 864, presented an extremely high number of B-type chromosomes,
the origin of which is difficult to explain with the present data.
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Pisinkalla-Pororo as in the case of Confite Morocho, showed a great
variability in the knob constitutions among different collections. Bolivia 693
with a low knob number could have originated from the inter-crossing of Mc-
Clintock’s "Andean'" type and the knobless type maize, since it showed consis-
tently the characteristic knob on 7L, but with the knob on 6Lc in a very low
frequency.

The collection Bolivia 570 of Pisinkalla-Pororo possessed two knobs
in two positions, 1Sa and 3S. Some of these knobs were of large size. This
indicates clearly its relationship to the Pira type, since the large knob on 3S
was only encountered in a sample of the Pira race. The same collection,
Bolivia 570, also shows a direct relationship to the Pororo race. In this col-
lection, four of the knobs, 5L, 6Lb, 6Lc and 7L are very similar to the knobs
at the same positions in Pororo.

The single collection of Pororo race examined was very uniform in
its chromosome morphology. It resembles Pollo or Nal-Tel in its knobbed
positions, 2L, 3L, 5L, 6Lb, 6Lc; 7L and 9L, but differs from them in that
the small to medium size knobs are predominant in Pororo, whereas, the
large size knob predominates in Nal-Tel and Pollo.

One collection of the Canguil race, Ecuador 396, with its almost knob-
less constitution, indicates again, as in the case of Confite Morocho and Pi-
sinkalla-Pororo, that in the Andean region of South America there exists a
knobless type of maize which may have been basic in the evolution of maize in
these highland regions.

The presence in this collection of a small knob in a high frequency in
7L could indicate that it has a relationship to the McClintock!s "Andean' type
of maize.

The other four collections of the Canguil race show introgression
from a highly knobbed type of maize. The presence of several large knobs in
different positions, but especially on 9S, indicates that probably the introgres-
sion came from the Nal-Tel-Pira complex of races.

The three collections of Palomero Toluquefio studied, indicate again
that the knobless type of maize was the basic material in the formation of this
race. In general, it is quite similar to Confite Morocho or Pisinkalla, but
at the present it is not possible to determine if the Palomero Toluquefio of
Mexico represents an early introduction from South America or whether it
was evolved directly in Mexico and its counterparts in South America derived
from it,

McClintock ( 9 )has reported a collection of Palomero Toluquefio that
possessed a high number of large knobs, a fact that is completely different
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from the results obtained in the present study. Also the results obtained for
the single collection studied of Sabanero which showed a high number of large
knobs, differ completely from the results reported for the same race in South
America by Roberts, et al ( 17 ) in Colombia and by Timothy, et al ( 20 ) in
Ecuador. They reported extremely low knob numbers and in Ecuador, Saba-
nero is placed among the McClintock's ""Andean' type of maize. Probably the
Canguil race, discussed above, is similar to this case but in an intermediate
state, All these facts clearly demonstrate that the same race can have popu-
lations with completely different chromosome knob constitutions or the col-
lections have been incorrectly classified, Moreover, they indicate that dif-
ferent populations of a given race of any of the two above mentioned groups,
can have introgression in very different degrees from races of the other group
depending upon the specific circumstances under which they have met,

From the results obtained in the present study, it can be noticed that
any knob position varies between plants of any collection not only in the fre-
quency with which it is present, but also in its size, Any position can be pre-
sent without a knob, or with a small, medium or large size knob, In discus-
sing all these facts, one question arises, What are the origins of the dif-
ferences in knob sizes found at different knob-forming positions ?

Taking into consideration that,as Mangelsdorf and Reeves ( 13) have
postulated, chromosome knobs of maize have their origin in Tripsacum, the
above question is not answered, since the same problem would be met in the
genus Tripsacum, One idea that answers the above question is that postulated
by McClintock ( 9 ) in the sense that maize has had several centers of ori-
gin and that in each center different chromosome knob constitutions evolved.
However, this idea needs to be demonstrated. There is a possibility that
an internal process exists by means of which knobs would have the capacity of
changing in size and shape.

Actually, nobody knows the real process or processes by which this
variation in the knobs have originated in maize populations, It appears that
some kind of process other than hybridization is responsible in bringing
about knob size polymorphism in maize, This fundamental problem must be
clarified in future studies,

The presence of the abnormal chromosome 10 in some of the collec-
tions studied seems to indicate that it is not necessarily dependent on the pre-
sefice of the B-type chromosomes, This is indicated by the fact that some
collections had abnormal chromosome 10 